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PROCESS FOR THE PREPARATION OF
2-(CYCLOHEXYLMETHYL)-N-{2-[(2S)-1-
METHYLPYRROLIDIN-2-YL|ETHYL}-1,2,3,4-
TETRAHYDROISOQUINOLINE-7-
SULFONAMIDE

This application1s a Continuation of PCT/US2011/027131
filed on Mar. 4, 2011 and claims the benefit of U.S. Provi-
sional Application No. 61/311,069 filed on Mar. 35, 2010,
which 1s hereby incorporated by reference herein in its
entirety.

FIELD OF THE INVENTION

The present mvention relates to processes for preparing
2-(cyclohexylmethyl)-N-{2-[(2S)-1-methylpyrrolidin-2-yl]
ethyl }-1,2,3,4-tetrahydroisoquinoline-7-sulfonamide, vari-
ous intermediates thereto and pharmaceutically acceptable
salts thereof.

BACKGROUND OF THE INVENTION

The histamine H3 receptors are found in the central and
peripheral nervous systems. The administration of histamine
H3 receptor ligands may influence the secretion of neu-
rotransmitters 1n the brain and the periphery and thus can be
uselul 1n the treatment of several disorders, mcluding Alzhe-
imer’s disease and other dementias, obesity, central nervous
system disorders such as vigilance and sleep disorders, nar-
colepsy, Parkinson’s disease, attention-deficit hyperactivity
disorder, memory and learning disorders, epilepsy, schizo-
phremia, moderate cognitive disorders, depression, anxiety,
cardiovascular disorders, and gastrointestinal disorders.

To 1llustrate, a number of studies in the literature have

demonstrated the cognitive enhancing properties of hista-
mine H3 receptors antagonists in rodent models (See, e.g.,
Giovanm et al., Behav. Brain Res., 1999, 104, 147-155).
These reports further suggest that antagonists and/or inverse
agonists could be usetul for the treatment of cognitive impair-
ments 1 neurological diseases such as Alzheimer’s disease
and related neurodegenerative disorders. Alzheimer’s disease
1s the most common cause of dementia in the elderly, and 1s
often characterized with one or more symptoms such as
memory loss, confusion, irritability and aggression, mood
swings, language breakdown, long-term memory loss, with-
drawal of the sutferer, and loss of motor control.

2-(Cyclohexylmethyl)-N-{2-[(2S)-1-methylpyrrolidin-2-
yl]ethyl}-1,2,3,4-tetrahydroisoquinoline-7-sulfonamide,
which has the structure of Formula (I):

()
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1s a potent histamine H3 receptor antagonist with inverse
agonist properties. A preparation and the physical properties
and beneficial pharmacological properties of 2-(cyclohexyl-
methyl)-N-{2-[(2S)-1-methylpyrrolidin-2-yl]ethyl }-1,2,3,4-
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2

tetrahydroisoquinoline-7-sulfonamide are described in, for
example, WO20035/118547 (also US2007/0105834).

WO02005/11854°7 describes a general method of synthesis
which 1s difficult to transpose to the industrial scale for pro-
duction 1n large quantities. This method of synthesis entails
reacting 2-(2,2,2-trifluoroacetyl)-1,2,3,4-tetrahydro-1so-
quinoline-7-sulfonyl chloride with (+/-)-2-(2-aminoethyl)-
1 -methylpyrrolidine, which product 1s deprotected in metha-
nol and hydrochloric acid. The enantiomers are next
separated by chiral chromatography. The resulting N-{2-
[(2S)-1-methylpyrrolidin-2-yl]ethyl}-1,2,3,4-tetrahydroiso-
quinoline-7-sulfonamide undergoes reductive amination
with cyclohexanecarboxaldehyde in the presence of a palla-
dium catalyst. 2-(Cyclohexylmethyl)-N-{2-[(2S)-1-meth-
ylpyrrolidin-2-yl]ethyl}-1,2,3,4-tetrahydroisoquinoline-7-
sulfonamide 1s 1solated as the free base and converted to a salt.

The present invention makes 1t possible to optimize the
synthesis of 2-(cyclohexylmethyl)-N-{2-[(2S)-1-methylpyr-
rolidin-2-yl]ethyl}-1,2,3,4-tetrahydroisoquinoline-7-sul-
fonamide for industrial use by avoiding the chiral chromato-
graphic separation of the enantiomers of (+/-)-N-[2-(1-
methylpyrrolidin-2-yl)ethyl]-1,2,3.,4-
tetrahydroisoquinoline-7-sulfonamide. The present
invention deals with the chirality 1ssues first, allowing the
coupling of 2-(2,2,2-trifluoroacetyl)-1,2,3,4-tetrahydroiso-
quinoline-7-sulfonyl chloride with enantiomerically pure
(>99% ee) (+)-2-(2-aminoethyl)-1-methylpyrrolidine. In so
doing, more of the 1,2,3,4-tetrahydroisquinoline moiety 1n
the starting sulfonyl chloride can be incorporated into prod-
uct. Using the above-described synthesis, half of this material
would have been discarded with the unwanted enantiomer of
N-[2-(1-methylpyrrolidin-2-yl)ethyl]-1,2,3,4-tetrahydroiso-
quinoline-7-sulfonamide.

BRIEF SUMMARY OF THE INVENTION

Accordingly, the present invention provides a process for
producing 2-(cyclohexylmethyl)-N-{2-[(2S)-1-methylpyr-
rolidin-2-yl]ethyl}-1,2,3,4-tetrahydroisoquinoline-7-sul-
fonamide and salts thereot, of high purity and 1n a relatively
high yield suitable for use on an 1industrial scale.

The present invention 1s also directed to synthetic interme-
diates, for example 2-(2,2,2-trifluoroacetyl)-N-{2-[(2S)-1-
methylpyrrolidin-2-yl]ethyl }-1,2,3,4-tetrahydroisoquino-
line-7-sulfonamide, a compound of Formula (III), wherein
Pg=COCF ,, that are useful in the preparation of the 2-(cyclo-
hexylmethyl)-N-{2-[(2S)-1-methylpyrrolidin-2-yl]ethyl } -1,
2.3 4-tetrahydroisoquinoline-7-sulfonamide  and  salts
thereof.

DETAILED DESCRIPTION OF THE INVENTION

Definitions and Abbreviations

As used above, and throughout the description of the mnven-
tion, the following abbreviations, unless otherwise indicated,
shall be understood to have the following meanings:

HPLC high performance liquid chromatography
kg kilogram

L liter

mL milliliter

MTBE methyl t-butyl ether

The term “pharmaceutically acceptable” refers to those
compounds, materials, compositions, carrier agents, bulking
agents, solvents, diluents and other excipients which are,
within the scope of sound medicinal judgment, suitable for
contact with humans or other mammals without undue tox-
icity, 1rritation, allergic response and the like, commensurate
with a reasonable benefit/risk ratio.
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A process of the mvention for preparing 2-(cyclohexylm-
ethyl)-N-{2-[(2S)-1-methylpyrrolidin-2-yl]ethyl }-1,2,3,4-
tetrahydroisoquinoline-7-sulfonamide, or a pharmaceuti-
cally acceptable salt thereof, or a solvate or hydrate of a
pharmaceutically acceptable salt comprises:

a) coupling (-)-2-(2-aminoethyl)-1-methylpyrrolidine
with an amine-protected tetrahydroquinoline-7-sulfonyl
chloride to give an amine-protected N-{2-[(2S)-1-meth-
ylpyrrolidin-2-yl]ethyl}-1,2,3,4-tetrahydroisoquino-
line-7-sulfonamide;

b) deprotecting the amine-protected N-{2-[(2S)-1-meth-
ylpyrrolidin-2-yl]ethyl }-1,2,3,4-tetrahydroisoquino-
line-7-sulfonamide to give N-{2-[(2S)-1-methylpyrroli-
din-2-yl]ethyl}-1,2,3,4-tetrahydroisoquinoline-7-
sulfonamide or a salt thereof;

¢) reductively aminating N-{2-[(2S)-1-methylpyrrolidin-
2-yllethyl}-1,2,3,4-tetrahydroisoquinoline-7-sulfona-

Scheme 1:

(V) (IV)

(la)
(salt)
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mide or a salt thereof with cyclohexanecarboxaldehyde
to form 2-(cyclohexylmethyl)-N-{2-[(2S)-1-methylpyr-
rolidin-2-yl]ethyl}-1,2,3,4-tetrahydroisoquinoline-7-
sulfonamide;

d) optionally reacting 2-(cyclohexylmethyl)-N-{2-[(2S)-
1-methylpyrrolidin-2-yl]ethyl }-1,2,3,4-tetrahydroiso-
quinoline-7-sulfonamide, with a stoichiometric amount
or an excess of a salt-forming acid in a solvent to form a
salt or a hydrate or solvate thereof; and

¢) optionally recrystallizing the product of step d).

In one aspect of the mvention, processes for preparing the
2-(cyclohexylmethyl)-N-{2-[(2S)-1-methylpyrrolidin-2-yl]
ethyl}-1,2,3,4-tetrahydroisoquinoline-7-sulfonamide or a
pharmaceutically acceptable salt, solvate, or hydrate thereof,
or a solvate or hydrate of a pharmaceutically acceptable salt
and the intermediates that are useful for preparing such com-
pounds are outlined 1n Scheme 1:

(I11)
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The processes for preparing 2-(cyclohexylmethyl)-N-{2-
[(2S)-1-methylpyrrolidin-2-yl]ethyl }-1,2,3,4-tetrahydroiso-
quinoline-7-sulfonamide, or a pharmaceutically acceptable
salt thereol, or a solvate or hydrate of a pharmaceutically
acceptable salt, as outlined in Scheme 1, comprise:

a) coupling (-)-2-(2-aminoethyl)-1-methylpyrrolidine
with amine-protected tetrahydroquinoline-7-sulfonyl
chloride to give a compound of Formula (III), amine-
protected N-{2-[(2S)-1-methylpyrrolidin-2-yl]ethyl}-
1,2,3,4-tetrahydroisoquinoline-7-sulfonamide, wherein
Pg represents an amine protecting group;

b) deprotecting the compound of Formula (III) to give the
compound of Formula (II), N-{2-[(2S)-1-methylpyrro-
lidin-2-yl]ethyl}-1,2,3,4-tetrahydroisoquinoline-7-sul-
fonamide or a salt thereof;

¢) reductively aminating the compound of Formula (II)
with cyclohexanecarboxaldehyde to give a compound of
Formula (I), 2-(cyclohexylmethyl)-N-{2-[(2S)-1-meth-
ylpyrrolidin-2-yl]ethyl}-1,2,3,4-tetrahydroisoquino-
line-7-sulfonamide;

d) optionally reacting the compound of Formula (I) with a
stoichiometric amount or an excess of a salt-forming
acid 1n a solvent to form a salt, or a hydrate or solvate
thereof, of Formula (Ia), 2-(cyclohexylmethyl)-N-{2-
[(2S)-1-methylpyrrolidin-2-yl]ethyl }-1,2,3,4-tetrahy-
droisoquinoline-7-sulfonamide addition salt; and

¢) optionally recrystallizing the product of step d).

A particular process of the invention for preparing 2-(cy-

clohexylmethyl)-N-{2-[(2S)-1-methylpyrrolidin-2-yl]

ethyl }-1,2,3,4-tetrahydroisoquinoline-7-sulfonamide, or a
pharmaceutically acceptable salt thereof, or a solvate or
hydrate of a pharmaceutically acceptable salt, comprises:

a) coupling (-)-2-(2-aminoethyl)-1-methylpyrrolidine
with an amine-protected tetrahydroquinoline-7-sulfonyl
chloride 1n the presence of a base to give an amine-
protected N-{2-[(2S)-1-methylpyrrolidin-2-yl]ethyl}-
1,2,3,4-tetrahydroisoquinoline-7-sulfonamide;

b) deprotecting the amine-protected N-{2-[(2S)-1-meth-
ylpyrrolidin-2-yl]ethyl}-1,2,3,4-tetrahydroisoquino-
line-"7-sulfonamide under basic conditions and 1n a sol-
vent selected from an alcohol and a combination of
water with an ethereal solvent, to give N-{2-[(2S)-1-
methylpyrrolidin-2-yl]ethyl }-1,2,3,4-tetrahydroiso-
quinoline-7-sulfonamide or a salt thereof;

¢) reductively aminating N-{2-[(2S)-1-methylpyrrolidin-
2-yllethyl}-1,2,3,4-tetrahydroisoquinoline-7-sulfona-
mide or a salt thereof with cyclohexanecarboxaldehyde
in the presence of a reducing agent and 1 a solvent
selected from an alcohol and a combination of water
with an ethereal solvent, to form 2-(cyclohexylmethyl)-
N-{2-[(2S)-1-methylpyrrolidin-2-yl]ethyl}-1,2,3,4-tet-
rahydroisoquinoline-7-sulfonamide;

d) optionally reacting 2-(cyclohexylmethyl)-N-{2-[(2S)-
1-methylpyrrolidin-2-yl]ethyl}-1,2,3,4-tetrahydroiso-
quinoline-7-sulfonamide, or a hydrate or solvate
thereof, with a stoichiometric amount or an excess of a
salt-forming acid in a solvent to form a salt or a hydrate
or solvate thereof; and

¢) optionally recrystallizing the product of step d).

Another particular process of the invention for preparing

2-(cyclohexylmethyl)-N-{2-[(2S)-1-methylpyrrolidin-2-y1]
ethyl}-1,2,3,4-tetrahydroisoquinoline-7-sulfonamide, or a
pharmaceutically acceptable salt thereof, or a solvate or
hydrate of a pharmaceutically acceptable salt, comprises:

a) coupling (-)-2-(2-aminoethyl)-1-methylpyrrolidine
with 2-(2,2,2-trifluoroacetyl)-1,2,3,4-tetrahydroquino-
line-7-sulfonyl chloride to give 2-(2,2,2-trifluoro-
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6
acetyl)-N-{2-[(2S)-1-methylpyrrolidin-2-ylJethyl}-1,2,
3,4-tetrahydroisoquinoline-7-sulfonamide;

b) deprotecting 2-(2,2,2-trifluoroacetyl)-N-{2-[(2S)-1-
methylpyrrolidin-2-yl]ethyl }-1,2,3,4-tetrahydroiso-
quinoline-7-sulfonamide to give N-{2-[(2S)-1-meth-
ylpyrrolidin-2-yl]ethyl}-1,2,3,4-
tetrahydroisoquinoline-7-sulfonamide, or a salt thereof;

¢) reductively aminating N-{2-[(28)-1-methylpyrrolidin-
2-yl]ethyl}-1,2,3,4-tetrahydroisoquinoline-7-sulfona-
mide, or a salt thereof with cyclohexanecarboxaldehyde
to form 2-(cyclohexylmethyl)-N-{2-[(2S)-1-methylpyr-
rolidin-2-yl]ethyl}-1,2,3,4-tetrahydroisoquinoline-7-
sulfonamide;

d) optionally reacting 2-(cyclohexylmethyl)-N-{2-[(2S)-
1-methylpyrrolidin-2-yl]ethyl }-1,2,3,4-tetrahydroiso-
quinoline-7-sulfonamide, with a stoichiometric amount
or an excess of a salt-forming acid in a solvent to form a
salt, or a hydrate or solvate thereof; and

¢) optionally recrystallizing the product of step d).

For Scheme 1:

Amine-protected  N-{2-[(2S)-1-methylpyrrolidin-2-yl]
ethyl}-1,2,3,4-tetrahydroisoquinoline-7-sulfonamide is pre-
pared 1n step a) from a coupling between (-)-2-(2-aminoet-
hyl)-1-methylpyrrolidine and an amine-protected 1,2,3.4-
tetrahydroisoquinoline-7-sulfonyl chloride, such as 2-(2,2,2-
trifluoroacetyl)-1,2,3,4-tetrahydroisoquinoline-7-sulfonyl
chloride or 1,2,3.4-tetrahydroisoquinoline-7-sulfonyl chlo-
ride protected with other suitable amine-protecting groups
(1.., amine-protecting groups that are stable 1n acid and
removable under conditions that would not cleave the sul-
fonamide bond). In one aspect, 2-(2,2,2-trifluoroacetyl )-N-
{2-[(28)-1-methylpyrrolidin-2-yl]ethyl }-1,2,3,4-tetrahy-
droisoquinoline-7-sulfonamide 1s prepared from a coupling
between (-)-2-(2-aminoethyl)-1-methylpyrrolidine and 2-(2,
2, 2-trifluoroacetyl)-1,2,3 ,4-tetrahydroisoquinoline-7-sulio-
nyl chloride 1 the presence of an morganic base, such as
sodium hydroxide, potasstum hydroxide, lithium hydroxide,
and the like, or an organic base, such as triethylamine and the
like; 1 an 1nert solvent, for example a halogenated solvent
such as dichloromethane, chloroform, 1,2-dichloroethane,
and the like, or an ethereal solvent such as t-butyl methyl ether
or 2-methyltetrahydrofuran and the like; at temperatures pret-
erably between about 0° C. and ambient temperature, for
example about 25° C.

Accordingly, one embodiment of the invention 1s a process
for preparing 2-(2,2,2-trifluoroacetyl)-N-{2-[(2S)-1-meth-
ylpyrrolidin-2-yl]ethyl}-1,2,3,4-tetrahydroisoquinoline-7-
sulfonamide comprising coupling 2-(2,2,2,-trifluoroacetyl)-
1,2,3,4-tetrahydroisoquinoline-7-sulfonyl chloride and (-)-
2-(2-aminoethyl)-1-methylpyrrolidine 1n the presence of a
base and in an inert solvent. Another embodiment of the
invention 1s a process for preparing 2-(cyclohexylmethyl )-N-
{2-[(2S)-1-methylpyrrolidin-2-yl]ethyl }-1,2,3,4-tetrahy-
droisoquinoline-7-sulfonamide comprising the step of cou-
pling 2-(2,2,2-trifluoroacetyl)-1,2,3,4-
tetrahydroisoquinoline-7-sulfonyl chlonnde and (-)-2-(2-
aminoethyl)-1-methylpyrrolidine 1n the presence of a base
and 1n an 1nert solvent.

Amine-protected 1,2,3,4-tetrahydroisoquinoline-7-sulio-
nyl chloride, such as 2-(2,2,2-trifluoroacetyl)-1,2,3,4-tet-
rahydroisoquinoline-7-sulfonyl chloride, may be commer-
cially available or otherwise may be prepared according to
processes known to those skilled in the art (see, for example,

Blank, B.; Krog, A. I.; Weiner, G.; Pendleton, R. G. J. Med.
Chem. 1980, 23, 837-840). For example, amine-protected
1,2,3,4-tetrahydroisoquinoline-7-sulfonyl chlorides can be
prepared by reacting the amine-protected 1,2,3,4-tetrahy-
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droisoquinoline with an excess of chlorosulfonic acid 1n a
halogenated solvent such as dichloromethane, chloroform or
1,2-dichloroethane. In particular, 2-(2,2,2-trifluoroacetyl)-1,
2.3 4-tetrahydroisoquinoline-7-sulfonyl chloride can pre-
pared by reacting 2-(2,2,2-trifluoroacetyl)-1,2,3,4-tetrahy-
droisoquinoline with excess chlorosulfonic acid 1n either
chloroform or dichloromethane at about 0° C. to about 5° C.
for several hours and then at room temperature for several
days. Quenching of the reaction into a mixture of chloroform
or dichloromethane and crushed ice atfords a solution of the
desired sulfonyl chloride, which following removal of the
solvent, can be purified by crystallization from, for example,
t-butyl methyl ether.

The deprotection of amine-protected N-{2-[(2S)-1-meth-
ylpyrrolidin-2-yl]ethyl}-1,2,3,4-tetrahydroisoquinoline-7-
sulfonamide, such as 2-(2,2,2-trifluoroacetyl)-N-{2-[(2S)-1-
methylpyrrolidin-2-yl]ethyl}-1,2,3,4-
tetrahydroisoquinoline-7-sulfonamide, 1 step b) may be
carried out using deprotection techniques known 1n the art.
Preferably, the protecting group may be removed under basic
conditions, for example in the presence of an mnorganic base
such as potassium hydroxide, sodium hydroxide, lithium
hydroxide, and potassium carbonate. The reaction 1s prefer-
ably carried out in an alcohol, such as 1sopropanol, methanol,
and the like, or combinations of water with an ethereal sol-
vent, such as tetrahydrofuran and dioxane, and at a tempera-
ture between about 0° C. and about the reflux temperature of
the mixture, and, more preferably, below about 100° C.

Therelfore, one embodiment of the invention 1s the process
for preparing N-{2-[(2S)-1-methylpyrrolidin-2-yl]ethyl}-1,
2.3 4-tetrahydroisoquinoline-7-sulfonamide comprising
deprotecting  2-(2,2,2-trifluoroacetyl)-N-{2-[(2S)-1-meth-
ylpyrrolidin-2-yl]ethyl}-1,2,3,4-tetrahydroisoquinoline-7-
sulfonamide 1n the presence of a base. Another embodiment
ol the invention 1s the process for preparing 2-(cyclohexylm-
ethyl)-N-{2-[(2S)-1-methylpyrrolidin-2-yl]ethyl }-1,2,3,4-
tetrahydroisoquinoline-7-sulfonamide comprising the step of
deprotecting  2-(2,2,2-trifluoroacetyl)-N-{2-[(2S)-1-meth-
ylpyrrolidin-2-yl]ethyl}-1,2,3,4-tetrahydroisoquinoline-7-
sulfonamide 1n the presence of a base.

Step ¢) involves the formation of 2-(cyclohexylmethyl)-IN-
{2-[(28)-1-methylpyrrolidin-2-yl]ethyl }-1,2,3,4-tetrahy-
droisoquinoline-7-sulfonamide by reacting N-{2-[(2S)-1-
methylpyrrolidin-2-yljethyl}-1,2,3,4-
tetrahydroisoquinoline-7-sulfonamide and
cyclohexanecarboxaldehyde, 1n the presence of a reducing
agent, such as formic acid (produced by the addition of
sodium or potassium formate, and the like, for example) 1n an
organic solvent, for example an alcohol, such as ethanol,
methanol, 1sopropanol, and the like, or a combination of
water with an ethereal solvent, such as tetrahydrofuran, diox-
ane, and the like, or a combination of acetonitrile with water
or an alcohol with water. This reaction 1s preferably per-
formed at temperatures between about 0° C. and about the
reflux temperature of the mixture, and, more preferably,
below about 100° C.

Pharmaceutically acceptable salts of 2-(cyclohexylm-
ethyl)-N-{2-[(2S)-1-methylpyrrolidin-2-yl]ethyl }-1,2,3,4-
tetrahydroisoquinoline-7-sulfonamide, and hydrates and sol-
vates thereof, include conventional, non-toxic salts of
2-(cyclohexylmethyl)-N-{2-[(2S)-1-methylpyrrolidin-2-y1]
ethyl }-1,2,3,4-tetrahydroisoquinoline-7-sulfonamide, which
can be formed with either inorganic acids such as hydrochlo-
ric acid or organic acids such as benzoic acid, fumaric acid,
oxalic acid and L-tartaric acid. A pharmaceutically accept-
able salt can be obtained using standard procedures well
known 1n the art, such as by reacting the compound of For-
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8

mula (I) with stoichiometric amounts or with an excess of the
desired salt-forming acid in a suitable solvent or various
combinations of solvents. For example, an oxalate salt can be
made by dissolving the compound of Formula (I) 1n ethanol
and adding about 1.1 equivalents of oxalic acid, and allowing
the salt to form. In one aspect of the imnvention, a fumarate salt
1s obtained. In a preferred aspect, the fumarate salt 1s a difu-
marate monohydrate salt.

The pharmaceutically acceptable salt of 2-(cyclohexylm-
ethyl)-N-{2-[(2S)-1-methylpyrrolidin-2-yl]ethyl }-1,2,3,4-
tetrahydroisoquinoline-7-sulfonamide, or hydrate or solvate
thereot, 1s optionally recrystallized. Suitable recrystallization
solvents include, for example, 1sopropanol and ethanol 1n the
presence ol an antisolvent such as toluene or acetone.

Another aspect of the invention are the processes described
above further comprising the step of formulating 2-(cyclo-
hexylmethyl)-N-{2-[(2S)-1-methylpyrrolidin-2-yl]ethyl } -1,
2.3 4-tetrahydroisoquinoline-7-sulfonamide or a pharmaceu-
tically acceptable salt thereof, or a solvate or hydrate of a
pharmaceutically acceptable salt, with one or more pharma-
ceutically acceptable carrier agents, bulking agents, solvents,
diluents and other excipients. In one aspect, the process com-
prises the step of formulating 2-(cyclohexylmethyl)-N-{2-
[(2S)-1-methylpyrrolidin-2-yl]ethyl}-1,2,3,4-tetrahydroiso-
quinoline-7-sulfonamide difumarate monochydrate with one
or more pharmaceutically acceptable carrier agents, bulking

agents, solvents, diluents and other excipients.
The compound of Formula (V), (-)-2-(2-aminoethyl)-1-
methylpyrrolidine, may be prepared as outlined in Scheme 2.

Scheme 2:
H,N
1)
N
/
N
/
H,C
(VD)
(\ \\“H
/N \/\NH2
H,C
(V)
For Scheme 2:

Step 1) entails combining 2-(2-aminoethyl)-1-methylpyr-
rolidine with a chiral resolving agent, such as di-p-toluoyl-
D-tartaric acid, in an alcohol, such as ethanol, methanol,
1sopropanol, and the like, and combinations thereof including
combinations with water. Preferably, the solvent 1s a combi-
nation of ethanol and water. The reaction 1s preferably per-
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formed at temperatures between about 0° C. and about the
reflux temperature of the mixture, and more preferably, below
about 100° C.

Racemic 2-(2-aminoethyl)-1-methylpyrrolidine starting
material 1s commercially available (for example, from
Anichem LLC, American Custom Chemicals Inc., Acros,
Aldrich) or otherwise may be prepared according to proce-
dures well known to those skilled 1n the art. (See Turner, S. C.;
Esbenshade, T. A.; Bennani, Y. L.; Hancock, A. A. Bioorg.
Med. Chem. Lett. 2003, 13, 2131-2135).

Step 2) mvolves removing the resolving agent by dissolv-
ing the product of step 1), for example, (—)-2-(2-aminoethyl)-
1 -methylpyrrolidine, O,0" di-p-toluoyl-D-tartaric acid salt, 1n
a two-phase mixture of a strong acid, such as concentrated
HCI, HBr, H,SO,, or H,PO.,, and a non-polar solvent, such as
t-butyl methyl ether, 1sopropyl acetate, and the like, at tem-
peratures between about room temperature and about 100° C.
In one aspect, (-)-2-(2-aminoethyl)-1-methylpyrrolidine 1s
1solated 1n aqueous solution as a salt. In another aspect, the
acidic solution of (-)-2-(2-aminoethyl)-1-methylpyrrolidine
salt 1s basified by the addition of a base, such as sodium
hydroxide, allowing the 1solation of (-)-2-(2-aminoethyl)-1-
methylpyrrolidine as the distillable free base.

The following examples present typical syntheses as
described in Schemes 1 and 2. These examples are understood
to be 1llustrative only and are not intended to limit the scope
of the present invention 1n any way.

Example 1
Preparation of Compound of Formula (VI)

(—)-2-(2-Aminoethyl)-1-methylpyrrolidine, O,0'-Di-
p-toluoyl-D-tartaric acid salt

A stock solution of aqueous ethanol was prepared by mix-
ing ethanol (10370 mL) and water (2080 mL). A mixture of
O,0'-di-p-tolouyl-D-tartaric acid (1624 g, 4.203 mol) and a
portion of the above-described stock solution of aqueous
cthanol (90350 mL) was stirred at around 65° C. under a
nitrogen atmosphere. Separately, racemic 2-(2-aminoethyl)-
1 -methylpyrrolidine (700 g, 5.35 mol) was dissolved 1n a
portion of the aqueous ethanol stock solution (3400 mL). The
amine solution was then added drop-wise to the tartaric acid
solution so that the temperature was maintained at about 65°
C. and no solids formed during the addition. The reaction was
held at about 65° C. for no less than 30 min before being
cooled to about 0° C. The precipitate was collected by filtra-
tion. A stream of nitrogen was pulled through the collected
solid until no longer wet. The solid was recrystallized from

cthanol (15950 mL)/water (2457 mL) affording the desired
product as a colorless solid: 1322.4 g (44%), >99.5% ce.

Example 2
Preparation of Compound of Formula (V)
(-)-2-(2-Aminoethyl)-1-methylpyrrolidine

A solution of HCI (296 mL, 3.55 mol) and water (517 mL)
was added to a mixture of (—)-2-(2-aminoethyl)-1-methylpyr-
rolidine, O,0'-d1-p-toluoyl-D-tartaric acid salt (900 g, 1.75
mol) and MTBE (3.2 L). After stirring for 45 minutes, the
layers were separated. Additional MTBE (1.6 L) was added to
the aqueous layer. After stirring for about 10 minutes, the
layers were separated. With stirring, 50% aqueous NaOH
(476 mL, 9.19 mol) was added to the aqueous acid layer over
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about 35 minutes. The mixture was stirred for about 35 min-
utes, then cooled to 10° C. The organic layer was separated
and distilled at reduced pressure to provided 206 g (92%) of
the desired product.

Example 3
Preparation of Compound of Formula (I1I)

2-(2,2,2-Trifluoroacetyl)-N-{2-[(2S)-1-methylpyrro-
lidin-2-yl]ethyl}-1,2,3,4-tetrahydroisoquinoline-7-
sulfonamide

A solution of (-)-2-(2-aminoethyl)-1-methylpyrrolidine
(172 g,1.345 mol) in water (400 mL ) was prepared and added
to a solution of 2-(2,2,2-trifluoroacetyl)-1,2,3,4-tetrahy-
droisoquinoline-7-sulfonyl chloride (400 g, 1.22 mol) 1n
2-methyltetrahydroturan (1600 mL) at a controlled rate to
maintain the reaction temperature between -5° C. and 3° C.
Upon completion of the coupling, the reaction mixture was
washed once with an aqueous potassium carbonate solution
prepared from potasstum carbonate (220 g, 1.59 mol) and
water (1 L) to liberate the free base of the product. Most of the
2-methyltetrahydrofuran was removed by vacuum distillation
to the minimum stirred volume and replaced with ethanol (2
L). The distillation was resumed and continued to the mini-
mum stirred volume. The ethanolic solution of 2-(2,2,2-trii-
luoroacetyl)-N-{2-[(2S)-1-methylpyrrolidin-2yl]ethyl }-1,2,
3,4-tetrahydroisoquinoline-7-sulfonamide was diluted with
cthanol (1132 mL) to obtain a 30 wt % solution of product,
assuming a 97% vyield, and carried forward 1nto the next step.

Example 4
Preparation of a Compound of Formula (II)

N-{2-[(2S)-1-Methylpyrrolidin-2-yl]ethyl}-1,2,3,4-
tetrahydroisoquinoline-7-sulfonamide Dihydrochlo-
ride Sesquihydrate

A 45.7% solution of potasstum hydroxide (105 g, 0.855
mol) was added to a 30.66% (w/w) ethanolic solution of
2-(2,2,2-trifluoroacetyl)-N-{2-[(2S)-1-methylpyrrolidin-2-
yl]ethyl}-1,2,3,4-tetrahydroisoquinoline-7-sulfonamide
(1023.6, 0.748 mol) at a rate that limited the temperature to no
more than 45° C. After cooling to room temperature, the
reaction was monitored by HPLC. Upon completion of the
deprotection, the reaction was acidified by the dropwise addi-
tion ol concentrated hydrochloric acid (194 mL, 2.35 mol).
The precipitated KCI was removed by filtration at between
39-31° C. The reactor was rinsed with ethanol (300 mlL)
which in turn was used to rinse the collected KCI1. The ethanol
filtrates were combined and returned to the reactor. The reac-
tor was heated to approximately 55° C. and 2-methyltetrahy-
drofuran (375 mL) was added. Seed crystals of N-{2-[(2S)-
1-methylpyrrolidin-2-yl]ethyl}-1,2,3,4-
tetrahydroisoquinoline-7-sulfonamide dihydrochloride
sesquihydrate (1 g) were added. After cooling to approxi-
mately -5° C., the product was collected by filtration. The
product was rinsed with a solution prepared from 2-meth-
yltetrahydrofuran (200 mL), ethanol (200 mL) and water (5
mlL). Following drying in a vacuum oven at 40° C., 277 g
(87%) of N-{2-[(2S)-1-methylpyrrolidin-2-yl]ethyl }-1,2,3,
4-tetrahydroisoquinoline-7-sulfonamide  dihydrochloride
sesquihydrate was 1solated as a colorless solid.

Seed crystals of N-{2-[(2S)-1-Methylpyrrolidin-2-yl]
ethyl}-1,2,3,4-tetrahydroisoquinoline-7-sulfonamide dihy-
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drochloride sesquihydrate can be obtained following general
procedures known to those skilled in the art. Alternatively,
N-{2-[(2S)-1-Methylpyrrolidin-2-yl]ethyl}-1,2,3,4-tetrahy-

droisoquinoline-7-sulfonamide dihydrochloride sesquihy-
drate can readily be prepared as described above without the
use of seed crystals.

Example 5
Preparation of a Compound of Formula (I)

2-(Cyclohexylmethyl)-N-{2-[(2S)-1-methylpyrroli-
din-2-yl]ethyl}-1,2,3,4-tetrahydroisoquinoline-7-
sulfonamide

N-12-[(2S)-1-Methylpyrrolidin-2-yl]ethyl }-1,2,3,4-tet-
rahydroisoquinoline-7-sulfonamide dihydrochloride ses-
quihydrate (92 g, 0.217 mol) was reacted with potassium
formate (33.6 g, 0.399 mol) and cyclohexanecarboxaldehyde
(39 mL, 0.322 mol) 1n hot SDA 3C ethanol (460 mL). The

reaction vessel was heated to about 72° C., with release of
CQO.,. The reaction mixture was monitored for completion by
HPLC. Upon completion, the reaction was cooled to about
25° C., and ethanol was removed by vacuum distillation and
azeotropic removal with added water (280 mL). The hydro-
chloride salt of the product was formed by the addition of
concentrated hydrochloric acid (37.3 mL, 0.451 mol), and the
aqueous solution was washed with 1sopropyl acetate (280
mlL.). The aqueous layer was basified with a solution of potas-
sium carbonate (92 g, 0.666 mol) in water (100 mL). The
aqueous alkaline solution was extracted with 1sopropyl
acetate (460 mL). The 1sopropyl acetate layer was washed
with water (3x460 mL), and the isopropyl acetate was
removed by vacuum distillation and replaced with SDA 3C
cthanol (460 mL). The resulting clear yellow-tinged solution
contained 85.7 g (91%) of 2-(cyclohexylmethyl)-N-{2-[(2S)-
1-methylpyrrolidin-2-yl]ethyl}-1,2,3,4-tetrahydroisoquino-
line-7-sulfonamide 1 120.4 g of solution.

Example 6
Preparation of a Compound of Formula (Ia)

2-(Cyclohexylmethyl)-N-{2-[(2S)-1-methylpyrroli-
din-2-yl]ethyl}-1,2,3,4-tetrahydroisoquinoline-7-
sulfonamide difumarate monohydrate

A solution of 2-(cyclohexylmethyl)-N-{2-[(2S)-1-meth-
ylpyrrolidin-2-yl]ethyl}-1,2,3,4-tetrahydroisoquinoline-7-
sulfonamide (532 g, 1.27 mol) in SDA 3C ethanol (1056 mL)
was added to a suspension of fumaric acid (302 g, 2.60 mol)
in water (624 mL). The resulting solution was diluted with
acetone (4 L) then cooled and seeded with milled 2-(cyclo-
hexylmethyl)-N-{2-[(2S)-1-methylpyrrolidin-2-yl]ethyl }-1,
2.3 4-tetrahydroisoquinoline-7-sulfonamide difumarate
monohydrate (4.2 g). After seeding, the mixture was stirred to
allow crystal growth then further diluted with acetone (1990
mlL). After cooling, the product was collected by filtration and
washed with acetone (1.500 L). Filtration was conducted by
portionwise loading of acetone into the filter-dryer. After
loading of each portion of acetone (1.5 L), stirring was turned
on at 2.6 rpm to ensure good contact between product and
acetone. The product was dried 1n a vacuum oven at 40° C.
with nitrogen purge and vacuum (residual pressure 400
mBar), then allowed to re-hydrate at room temperature in the

air to yield 684.7 g (85.8%) of 2-(cyclohexylmethyl)-N-{2-
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12
[(2S)-1-methylpyrrolidin-2-yl]ethyl}-1,2,3,4-tetrahydroiso-
quinoline-7-sulfonamide difumarate monohydrate.

Seed crystals of 2-(cyclohexylmethyl)-N-{2-[(2S)-1-me-
thylpyrrolidin-2-yljethyl}-1,2,3,4-tetrahydroisoquinoline-7 -
sulfonamide difumarate monohydrate can be obtained fol-
lowing general procedures known to those skilled 1n the art 1in
view ol the above-described procedure. Alternatively, 2-(cy-
clohexylmethyl)-N-{2-[(2S)-1-methylpyrrolidin-2-yl]
ethyl}-1,2,3,4-tetrahydroisoquinoline-7-sulfonamide  difu-
marate monohydrate can readily be prepared as described
above without the use of seed crystals.

What 1s claimed 1s:

1. A process for preparing 2-(cyclohexylmethyl)-N-{2-
[(2S)-1-methylpyrrolidin-2-yl]ethyl}-1,2,3,4-tetrahydroiso-
quinoline-7-sulfonamide, or a pharmaceutically acceptable
salt thereol, or a solvate or hydrate of a pharmaceutically
acceptable salt comprising:

a) coupling (-)-2-(2-aminoethyl)-1-methylpyrrolidine
with an amine-protected tetrahydroquinoline-7-sulfonyl
chloride to give an amine-protected N-{2-[(2S)-1-meth-
ylpyrrolidin-2-yl]ethyl}-1,2,3,4-tetrahydroisoquino-
line-7-sulfonamide;

b) deprotecting the amine-protected N-{2-[(2S)-1-meth-
ylpyrrolidin-2-yl]ethyl}-1,2,3,4-tetrahydroisoquino-
line-7-sulfonamide to give N-{2-[(2S)-1-methylpyrroli-
din-2-yl]ethyl}-1,2,3,4-tetrahydroisoquinoline-7-
sulfonamide or a salt thereof;

¢) reductively aminating N-{2-[(2S)-1-methylpyrrolidin-
2-yllethyl}-1,2,3,4-tetrahydroisoquinoline-7-sulfona-
mide or a salt thereof with cyclohexanecarboxaldehyde
to form 2-(cyclohexylmethyl)-N-{2-[(2S)-1-methylpyr-
rolidin-2-yl]ethyl}-1,2,3,4-tetrahydroisoquinoline-7-
sulfonamide;

d) optionally reacting 2-(cyclohexylmethyl)-N-{2-[(2S)-
1-methylpyrrolidin-2-yl]ethyl }-1,2,3,4-tetrahydroiso-
quinoline-7-sulfonamide, or a hydrate or solvate
thereot, with a stoichiometric amount or an excess of a
salt-forming acid 1n a solvent to form a salt or a hydrate
or solvate thereof; and

¢) optionally recrystallizing the product of step d).

2. The process according to claim 1, wherein the amine-
protected tetrahydroquinoline-7-sulfonyl chlonde 1s 2-(2,2,
2-trifluoroacetyl)-1,2,3,4-tetrahydroisoquinoline-7-sulfonyl
chloride and the amine-protected N-{2-[(2S)-1-methylpyrro-
lidin-2-yl]ethyl}-1,2,3,4-tetrahydroisoquinoline-7-sulfona-
mide is 2-(2,2,2-trifluoroacetyl)-N-{2-[(2S)-1-methylpyrro-
lidin-2-yl]ethyl}-1,2,3,4-tetrahydroisoquinoline-7-
sulfonamide.

3. The process according to claim 1, wherein the coupling
in step a) 1s performed 1n the presence of an 1norganic or
organic base and 1n an inert solvent.

4. The process according to claim 3, wherein the base 1s
selected from the group consisting of sodium hydroxide,
potassium hydroxide, lithium hydroxide and triethylamine.

5. The process according to claim 1, wherein deprotecting
in step b) 1s performed under basic conditions and in an
alcohol.

6. The process according to claim 1, wherein the reductive
amination of step ¢) 1s performed 1n an organic solvent 1n the
presence of a reducing agent.

7. The process according to claim 6, wherein the reducing
agent 1s formic acid.

8. The process according to claim 1, wherein the salt
formed 1n step d) 1s a pharmaceutically acceptable salt.

9. The process according to claim 1, further comprising
formulating 2-(cyclohexylmethyl)-N-{2-[(2S)-1-methylpyt-
rolidin-2-yl]ethyl }-1,2,3,4-tetrahydroisoquinoline-7-sul-
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fonamide or a pharmaceutically acceptable salt thereotf, or a
solvate or hydrate of a pharmaceutically acceptable salt, with
one or more pharmaceutically acceptable carrier agents, bulk-
ing agents, solvents, diluents and other excipients.

10. The process according to claim 1, wherein the salt-
forming acid 1n step d) 1s fumaric acid to provide 2-(cyclo-
hexylmethyl)-N-{2-[(2S)-1-methylpyrrolidin-2-yl]ethyl}-1,
2.3 4-tetrahydroisoquinoline-7-sulfonamide difumarate
monohydrate.

11. The process according to claim 10, further comprising
formulating 2-(cyclohexylmethyl)-N-{2-[(2S)-1-methylpyr-
rolidin-2-yl]ethyl }-1,2,3,4-tetrahydroisoquinoline-7-sul-
fonamide difumarate monohydrate with one or more pharma-
ceutically acceptable carrier agents, bulking agents, solvents,
diluents and other excipients.

12. The process according to claim 1, comprising:

a) coupling (-)-2-(2-aminoethyl)-1-methylpyrrolidine
with 2-(2,2,2-trifluoroacetyl)-1,2,3,4-tetrahydroquino-
line-7-sulfonyl chloride to give 2-(2,2,2-trifluoro-
acetyl)-N-{2-[(2S)-1-methylpyrrolidin-2-yl]ethyl}-1,2,
3,4-tetrahydroisoquinoline-7-sulfonamide;

b) deprotecting 2-(2,2,2-trifluoroacetyl)-N-{2-[(2S)-1-
methylpyrrolidin-2-yl]ethyl }-1,2,3,4-tetrahydroiso-
quinoline-7-sulfonamide to give N-{2-[(2S)-1-meth-
ylpyrrolidin-2-yl]ethyl}-1,2,3,4-
tetrahydroisoquinoline-7-sulfonamide, or a salt thereof;

¢) reductively aminating N-{2-[(2S)-1-methylpyrrolidin-
2-yl]ethyl}-1,2,3,4-tetrahydroisoquinoline-7-sulfona-
mide, or a salt thereof with cyclohexanecarboxaldehyde
to form 2-(cyclohexylmethyl)-N-{2-[(2S)-1-methylpyr-
rolidin-2-yl]ethyl }-1,2,3,4-tetrahydroisoquinoline-7-
sulfonamide;

d) optionally reacting 2-(cyclohexylmethyl)-N-{2-[(2S)-
1-methylpyrrolidin-2-yljethyl}-1,2,3,4-tetrahydroiso-
quinoline-/-sulfonamide with a stoichiometric amount
or an excess of a salt-forming acid in a solvent to form a
salt, or a hydrate or solvate thereof; and

¢) optionally recrystallizing the product of step d).

13. The process according to claim 12, further comprising
formulating 2-(cyclohexylmethyl)-N-{2-[(2S)-1-methylpyr-
rolidin-2-yl]ethyl }-1,2,3,4-tetrahydroisoquinoline-7-sul-
tfonamide or a pharmaceutically acceptable salt, or a solvate
or hydrate of a pharmaceutically acceptable salt, with one or
more pharmaceutically acceptable carrier agents, bulking
agents, solvents, diluents and other excipients.

14. The process according to claim 12, wherein the salt-
forming acid 1n step d) 1s fumaric acid to provide 2-(cyclo-
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hexylmethyl)-N-{2-[(2S)-1-methylpyrrolidin-2-yl]ethyl } -1,
2.3 4-tetrahydroisoquinoline-7-sulfonamide difumarate
monohydrate.

15. The process according to claim 14, further comprising
formulating 2-(cyclohexylmethyl)-N-{2-[(2S)-1-methylpyr-
rolidin-2-yl]ethyl}-1,2,3,4-tetrahydroisoquinoline-7-sul-
fonamide difumarate monohydrate with one or more pharma-
ceutically acceptable carrier agents, bulking agents, solvents,

diluents and other excipients.

16. The process according to claim 1, comprising:

a) coupling (-)-2-(2-aminoethyl)-1-methylpyrrolidine
with an amine-protected tetrahydroquinoline-7-sulfonyl
chloride in the presence of a base to give an amine-
protected N-{2-[(2S)-1-methylpyrrolidin-2-yl]ethyl }-
1,2,3,4-tetrahydroisoquinoline-7-sulfonamide;

b) deprotecting the amine-protected N-{2-[(2S)-1-meth-
ylpyrrolidin-2-yl]ethyl}-1,2,3,4-tetrahydroisoquino-
line-7-sulfona under basic conditions and 1n a solvent

selected from an alcohol and a combination of water
with an ethereal solvent, to give N-{2-[(2S)-1-meth-

ylpyrrolidin-2-yl]ethyl}-1,2,3,4-tetrahydroisoquino-
line-7-sulfonamide or a salt thereof;

¢) reductively aminating N-{2-[(28)-1-methylpyrrolidin-
2-yl]ethyl}-1,2,3,4-tetrahydroisoquinoline-7-sulfona-
mide or a salt thereof with cyclohexanecarboxaldehyde
in the presence of a reducing agent and 1n a solvent
selected from an alcohol and a combination of water
with an ethereal solvent, to form 2-(cyclohexylmethyl)-
N-{2-[(2S)-1-methylpyrrolidin-2-yl]ethyl }-1,2,3,4-tet-
rahydroisoquinoline-7-sulfonamide,

d) optionally reacting 2-(cyclohexylmethyl)-N-{2-[(2S)-
1-methylpyrrolidin-2-yl]ethyl }-1,2,3,4-tetrahydroiso-
quinoline-7-sulfonamide with a stoichiometric amount
or an excess of a salt-forming acid in a solvent to form a
salt or a hydrate or solvate thereof; and

¢) optionally recrystallizing the product of step d).

17. A process for preparing 2-(cyclohexylmethyl)-N-{2-
[(2S)-1-methylpyrrolidin-2-yl]ethyl}-1,2,3,4-tetrahydroiso-
quinoline-7-sulfonamide, comprising the step of coupling
2-(2,2,2-trifluoroacetyl)-1,2,3 ,4-tetrahydroisoquinoline-7-
sulfonyl chloride and (-)-2-(2-aminoethyl)-1-methylpyrroli-
dine 1n the presence of a base and in an 1nert solvent.

18. A process for preparing 2-(cyclohexylmethyl)-N-{2-
[(2S)-1-methylpyrrolidin-2-yl]ethyl}-1,2,3,4-tetrahydroiso-
quinoline-7-sulfonamide, comprising the step of deprotect-
ing 2-(2,2,2-trifluoroacetyl)-N-{2-[(28)-1-methylpyrrolidin-
2-yllethyl}-1,2,3,4-tetrahydroisoquinoline-7-sulfonamide in
the presence of a base.
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